 (lowland, upland and non-agricultural) 
INTRODUCTION
Soils accumulate nutrients, organic and inorganic contaminants under continuous cultivation mainly due to applications of agrochemicals. Those contaminants can reach relatively high concentrations in surface layer of soil, which serves as the root zone for vegetation and also the area with the greatest exposure to animal and human life (Luo et al., 2007) . Trace metal pollution in soil is a major concern as soil is a long-term sink for potentially toxic elements (Nicholson et al., 2003; Huang & Jin, 2008) .Trace metal pollution in soil can decrease crop yield and its quality. Moreover, accumulation of trace metals in crops causes potential threats to human health through food chain contamination (Huang & Jin, 2008) . Nicholson et al., (2003) indicated that humans can be exposed to toxic trace metals through direct soil ingestion as well as through consumption of food produced on contaminated soil. Mico et al. (2006) reported that excess use of agro-chemicals, manures and sewage sludge disposal increased the heavy metal concentrations in soil. Further, many researchers have revealed that levels of trace metals such as Cd, Zn, Cu and As contents in soil can increase as they are found in most of the synthetic fertilizers and agrochemicals such as pesticides and herbicides as an impurity or active ingredient (McLaughlin et al., 2000; Huang & Jin, 2008; Ajayi et al., 2012) . Cadmium is well known for causing adverse health effects to humans, but is seldom important as a cause of phytotoxicity in the field. However, Zn is commonly a deficient and phytotoxic element in soils (Chaney, 2010) . In soil environment, Cd and Zn usually occur together and they compete for the same binding places on the colloid surface (Szabo et al., 2008) . Further, these elements are usually co-contaminants and have similar properties in soils and plants. Therefore, both elements need to be considered together to understand either Cd or Zn in detail (Chaney, 2010) .
Trace metals can be mobilized by changes of environmental conditions such as land use, agricultural inputs and climatic change or by saturation beyond the buffering capacity of the soil (Huang & Jin, 2008) . Szabo et al. (2008) reported that land-use and soil type influence on the amount of Cd and Zn uptake by plants. Anthropogenic activities change the natural concentrations of soil trace metals in different land use types with varying magnitudes. Knowledge of metal concentrations for different land use types is of critical importance in assessing human impact on metal concentrations in soils and also in land use planning (Adamu & Nganje, 2010) . There have been several studies on accumulation of trace metals in soils under different land uses in Sri Lanka. A study conducted to investigate the abundances of rare trace metals (Ti, Ga, As, Sc, Zr, Sn, Hf, Th, U and Y) in paddy soils of Sri Lanka proved that those are mainly inherited from soil parent materials (Chandrajith et al., 2005) . Premarathna et al. (2011) reported that some Sri Lankan soils and leafy vegetables in the wet zone exhibit initial evidence of trace metal contamination and emphasized the necessity of systematic investigations to determine the extent of contamination and sources of trace metals in Sri Lankan soils.
In order to distinguish the contributing sources of trace metal accumulation in soils, different statistical techniques have been used (Qishlaqi & Moore, 2007; Zhang et al., 2008) . Correlation analysis enables to identify the strength of linearity between a soil property and trace metals, whereas Principal Component Analysis (PCA) can be used to identify the soil properties which are highly correlated with different trace metals. Correlation analysis between trace metals in soils and fertility parameters help to determine the origin of elevated levels of trace metals in soil (Jia et al., 2010) .
Metal background concentration is important in deciding contamination level, risk assessment of contaminants and effects of past land use practices on the levels of inorganic compounds in soils (Holmgren, 1993; Breckenridge & Crockett, 1998) . Therefore, it is important to establish metal background concentrations in different land uses. But, it is difficult to estimate natural background levels of some trace metals in soils due to anthropogenic activities (Shah et al., 2011) and the long distance aerial transport of trace pollutants (Pendias & Pendias, 2001) . Hence, geochemical baseline concentration has been identified as a better variable measurement for trace metal concentrations than the observed ranges (Dudka, 1993) and can be used as a reference to determine the levels of trace metals in different land uses. Therefore, objectives of this study were to compare Cd and Zn concentrations in upland, lowland and non-agricultural areas of a selected soil association of the Dry-Zone of Sri Lanka, to investigate their relationship with soil properties and to establish geochemical baseline concentrations of Cd and Zn to detect the contamination level.
MATERIALS AND METHODS

Soil sampling
Soil samples were collected from Madawachchiya -Ranorawa -Elayapattuwa -Hurathgama -Nawagattegama soil association (Fig. 1) in Dry Zone of Sri Lanka (Silva & Dassanayake, 2010) . Study area covered nearly 2000 km 2 . Surface soil samples at 0-30cm depth were collected from randomly selected 5 km x 5 km grids within the soil association. A total of 103 samples were collected representing three land uses as for low land (38 samples), upland (35 samples) and non-agricultural fields (30 samples). At the time of sampling, the low lands were under paddy while up lands were under vegetables, field crops and other upland crops. Low-land included samples from paddy-paddy cropping system (24%) and paddyvegetable/field crops cropping system (76%) whereas upland included 83% from vegetables, field crops, fruit crops and coconut cultivation. Rest of the upland samples (17%) were under paddy once in 2-3 years and then rotating with vegetable and field crops (information gathered from farmers). Non-agricultural fields consisted of 4-5 years abandon lands (43%) and more than 15 years forested area (57%). Four sub samples were collected to obtain a composite sample at each location. 
Laboratory analysis
Total Cd and Zn concentrations were determined according to the method described by Sposito et al.(1982) . Two grams of soil was mixed with 20 ml of 4M HNO 3 and placed in a water bath at 80 0 C for four hours. Metal contents were analyzed in extraction after filtering using Atomic Absorption Spectrometer (Shimadzu AA 6200). Organic carbon (OC) percentage was determined by acid dichromate oxidation method described by Nelson and Sommer (1996) . Soil electrical conductivity (EC) and soil pH were determined using 1:5 (soil: water) and 1:2.5 (soil: 1M KCl) suspensions, respectively. Soil texture was analyzed by pipette method (Gee & Bauder, 2002) . Standard reference material (SRM-2586 trace elements in soil containing Lead from paint) from National Institute of Standard and Technology was used for the quality control. Microwave digested (EPA method 3050) SRM was used to assure AAS accuracy and SRM was digested similar to soils was used to detect the recovery rate of 4M HNO 3 acid digestion. All the glassware was washed thoroughly after immersing in diluted nitric acid bath and heavy metal grade acids were used for the study. Further, blanks, known standards and laboratory replicates were run with the samples to assure quality control.
Statistical analysis
Statistical analysis was conducted using SPSS 13.0 and Minitab software. Normality of data was tested using Kolmogorov-Smirnov method. The non-normal data were transferred logarithmically to obtain normal distribution. Both geometric mean (GM) and geometric standard deviation (GSD) were used for the baseline establishment (Equation 1).
where, n indicates the number of observations (x 1 , x 2 ….)
Lower and upper limits of baseline concentrations were defined as (GM/GSD 2 ) and (GM*GSD 2 ) (Chen et al., 1999; Pendias & Pendias, 2001 ). Pearson's correlation analysis was used to explore the strength of linearity between trace elements and soil properties.
Stepwise regression analysis was performed to identify most influencing soil property on Cd and Zn concentration in soils. Based on the correlation matrix, principal component analysis (PCA) was conducted to identify the relationship between soil properties and measured trace metals. Analysis of Variance (ANOVA) was performed to compare mean metal concentrations among the land uses.
RESULTS AND DISCUSSION
Quality control of trace metal analysis
Quality control and quality assurance steps were taken for Cd since the expected levels of concentration in the soils were low. Microwave digested sample of the SRM showed the certified value of 2.7± 0.05 mg/kg ensuring the validity of the data generated for Cd. Further 4M HNO 3 acid digestion showed 2.33± 0.02 mg/kg recovering 87% of the Cd present in the SRM. The soil digestion method proposed by Sposito et al. (1982) consumes less time and chemicals than the other methods and extracts all the species of the trace elements except the structural elements in soils. According to Sabiene et al. (2004) most of pollutant inputs are not silicate-bound and pseudo total analysis of strong acid digests, not involving dissolution of silicates is sufficient.
Soil properties in different land uses
Low organic carbon percentages (0.12-1.90) were observed in soils collected from three land uses (Table 1) . High coefficient of variation in EC for lowland (98%) and upland soils (99%) indicated high relative variability compared to that in non-agricultural soils. Mean EC value of non-agricultural soils was lower than that of the lowland and upland soils. However, all soils show no immediate salinity threat. Soil pH values of three land uses ranged between 4.14 to 8.03 whereas in non-agricultural soils ranged from 4.10 to 7.00 and lower than the other two land uses. The clay percentages in soils of three land uses ranged from 2.2 to 41.7. Clay percentage of the lowland soils had a wide range distribution than the clay percentages of the other two land uses. 
Cd and Zn concentrations of different land uses
Cadmium concentrations of the three land uses ranged from 0.13-1.22 mg/kg with the lowest range of 0.13-0.44 mg/kg in non-agricultural soils (Table 2) . Observed Cd concentrations of all types of land uses were much lower than the Zn concentrations. Cadmium concentrations of the three land uses showed a narrow distribution range especially in non-agricultural soils. Both Cd and Zn concentrations of the non-agricultural soil were lower than that of other two land uses. According to the ANOVA, significant differences (P<0.05) were observed between land uses for Cd and Zn. Concentration of Cd in lowland and upland soils were not significantly different (P>0.05) whereas the Cd concentration of non-agricultural soils was significantly lower than that of lowland and upland soils (Table2). Many researchers have reported that phosphorus containing fertilizers are source of Cd in soils, since Cd is an impurity of phosphatic fertilizers (Dissanayake & Chandrajith, 2009 ). Therefore, Cd can accumulate in cultivated areas compared to non-agricultural areas. The Zn concentrations of the upland soils were significantly higher than that of both lowland and non-agricultural soils. No significant difference was observed between the Zn concentrations of lowland and nonagricultural soils. Kumaragamage & Indraratne (2011) reported that soil Zn concentration in many soils of Sri Lanka were deficient in Zn thus, restricting the optimum growth of plants. The land use explained 22.9% of the total Cd variability whereas land use explained only 9.53% of the total variability of Zn. The land use has an influence on the physical and chemical parameters of the soil and thereby the availability of certain metals (Szabo et al., 2008) .
According to Pearson correlation analysis between Cd and Zn concentrations in three different land uses, significant positive correlation (p<0.05) was found for non-agricultural soils (r = 0.49). Strong correlations between elements imply similar geochemical controls in the surface environment (Adamu & Nganje, 2010) . Luo et al. (2007) also reported that metals which are poorly correlated with other metals have different sources of origin. Therefore, Cd and Zn in non-agricultural area may have a common source. Cadmium and Zn in lowland and upland soils were not significantly correlated (P>0.05) suggesting that Cd and Zn in soils of upland and lowland can be a resultant of multi sources of origin. As upland and lowland land uses are more disturbed by agricultural activities than the non-agricultural soils, there may be an anthropogenic influence on the concentrations of Cd and Zn.
Nevertheless, Mico et al. (2006) reported that lithogenic metals are highly correlated with soil properties whereas the anthropogenic metals showed a weak relationship with soil properties as a consequence of their external sources. According to the Pearson correlation analysis of Cd and soil properties of three land uses, only upland soils showed significant (r=0.4) correlations with OC and clay % of soils (Table 3) . The zinc concentrations in lowland and upland soils had significant correlations with organic carbon contents in soils (Table 3 ). The non-agricultural soils showed a comparatively strong correlation between EC and Zn (r=0.64). Upland and non-agricultural soils showed correlations with clay % and Zn. Mico et al., (2006) also observed such correlations for Cd and Zn having different source of origin. According to the stepwise regression analysis, OC content is the most influencing soil property for the Cd concentration in upland and Zn concentrations in upland and lowland soils respectively. Further, EC and clay content affect the Zn concentration in non-agricultural soil. These results further confirmed the results of correlation analysis.
The simple correlation analysis indicated organic carbon content, clay contents and EC influenced on soil Cd and Zn concentrations. Organic matter content is one of the most important properties that control the accumulation, mobility and bioavailability of heavy metals in soils (Qishlaqi & Moore, 2007) . Increase in organic matter content can lead to elevate the soil adsorption capacity by which accumulation of heavy metals will be enhanced. Szabo et al. (2008) also reported that Zn and Cd contents are affected by the decomposition level of humus materials (quality) as well as clay content.
Correlation analysis provides little information about sources of trace metals in soil (Luo et al., 2007) . Therefore, a principal component analysis was performed to identify the soil properties which are correlated with metals in different land uses. Based on the Kaiser criterion, three components in lowland and non-agricultural soils and two components in upland soils were identified (Table 4) . Cadmium of upland soil was correlated with the organic carbon and clay % of soils. No correlations were observed for Cd and soil properties in lowland and non-agricultural soils. The Zn contents of upland soils correlated with organic carbon and clay % whereas Zn contents of lowland soils were correlated only with organic carbon as in simple correlation analysis (Table 3 ). In the PCA based on the Kaiser criterion, two components were identified in lowland, upland and non-agricultural soils (Table 5 ). In the PCA, significant correlations were observed for Zn contents in non-agricultural soils with clay contents, EC and organic carbon contents, whereas in correlation analysis it was only with clay contents and EC. Chen et al. (1998) reported that the calculated baseline concentrations, assuming log normality of the elemental distribution, better represent the natural level of elements in soils, as the distorting effects of a few high values are minimized. The log probability plot of the Cd and Zn in three different land uses showed a near linear trend (Fig. 2) . Therefore, according to Chen et al. (2000) and Zhang et al., (2008) the data can be assumed to be within a single statistical population and can be used for current baseline establishment. The upper baseline limits for Cd in lowland, upland and non-agricultural soils were 1.43, 1.47 and 0.44 mg/kg respectively (Table 6 ). The upper limit of the baseline can be used to assess the possible metal contamination in soil (Chen et al., 1999) . In this study, observed Cd concentrations were below the upper baseline value for respective land uses. The upper baseline limits for Zn in lowland, upland and non-agricultural soils were 39, 55 and 38 mg/kg respectively (Table 6 ). Among the observed Zn concentrations, two samples from lowland and two samples from upland exceeded the established upper limit of the baseline range. This can be due to application of fertilizers and Zn containing pesticides. As Zn is a micro nutrient, it is added to soil intentionally. Chaney (2010) reported that sequential changes in flooded soils also affect the phytoavailability of Zn. Water logging resulted in the release of manganese and iron from the oxide bound reservoirs to the soluble, exchangeable and inorganic reservoirs, and increase in cadmium, lead and zinc in the inorganic reservoir has been observed (Bjerre & Schierup, 1985) . Majority of the soil have not exceeded the upper limit of the baseline range for respective Cd and Zn.
Baseline concentrations of Cd and Zn in different land uses
CONCLUSIONS
The present study revealed that the land use has a significant effect on Cd and Zn contents in selected soils. The Cd content of non-agricultural soil was significantly lower than that of the lowland and upland, indicating the influence of anthropogenic activities on Cd enrichments in cultivated lands. The Cd contents in lowland and upland soils were not significantly different. The Zn contents of upland soils were significantly higher than that of both lowland and non-agricultural soils. The Zn concentrations in lowland and non-agricultural soils were not significantly different. Simple correlation analysis and principal component analysis identified that organic carbon, clay content and electrical conductivity are the soil properties influencing Cd and Zn contents in soils in different land uses. A significant positive correlation between Cd and Zn in non-agricultural soils suggested that origin of Cd and Zn is a common source, probably lithogenic, whereas origin of Cd and Zn in lowland and upland soils cannot be traced to a common source, indicating effects of anthropogenic only and mixed (lithogenic and anthropogenic) of both sources.
Established upper baseline value for Cd suggested that soil Cd contents in the three land uses have not reached the contamination level within the soil association. Further, the observed Zn contents were below the calculated upper limit of baseline ranges of Zn except in a few samples in lowland (two) and upland (two).
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